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THE MAGNUS FORCE ON A FINNED BODY

effect of spin on the serocdynamic forces generated on a slowly

finned projectile is analyzed. Experiments in the BRL wind-
which substantiate the analysis, are described and presented.

een that the Magnus forces and moments are as large as those

on a rapidly spinning nonfimned projectile where these forces

are known to have an influence on accuracy and stability.
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speed of sound
model diameter

distance from center of rotation (body centerline)

dynamic pressure = % pU2
Reynolds number = pUd
stagnation temperature
test section
angle of attack (positive o is nose up)
test section air density

test section air viscosity

spin rate of model (plus is clockwise looking up
ad
20
Magnus force coefficient = f
. 72 432 v |
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Magnus moment coefficient = - g 3 (plus is plus force ahead
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(plus is to left looking
upstream)

ment center)

Magnus force center of pressure location from base in calibers



INTRODUCTION
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In many cases of finned proJjectile fllghts it has become necessary
ome

he manie

to spin the projectile during flight In order to overc the man

facturing asymmetries of the body and fins. This tends to nullify the
effect of fin asymmetries; however, the spin produces a Magnus force

which may bave a significant bearing on the trajectory. The bare body
LW y . (1-9) . Ly

Magnus force has been explained in previous reports;‘l 77 however, the

influence of spin on the fins is a phenomena which has never been
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studied. As will be seen below, the Magnus force developed
fins is due to an entirely different mechanism than tha
for the Magnus force on a body.

When a rectangular flat plate is rotated, at a rate w, about a
line parallel to one of its sides, and parallel to a uniform supersonic
£t coefficient is equal to(lo)

a 1 3
ae LT3 ceel cler

L2}
m

o
el

CL = —
2
V Me-1
Here M is the free stream Mach number and & is the angle of attack

created by the rotation of the flat plate. The angle of attack varies
uniformly along the span of the flat plate and has its largest value at

the extreme ocutboard section. It can be determined from
axr
a='lf
(V)

projectile the 1lift force on each fin contributes toward a torgque about
the centerline of rotation (the body axis) which tends to retard the

e 1ift on each fin is perpendicular to the fin surface and
at zero angle of attack the lift forces on opposite fins cancel cne
another leaving only the torque. When the projectile is at other than
zero angle of attack the body interference on the fins is such that the



1lift force on the leeward fin is:'reduced, thereby leaving an unbalanced
force., This force acts perpendicular to the angle of attack plane and
from figure 2 it can be seen that this force acts in the opposite di-
rection to the body Magnus force. It is therefore possible, depending
on the body and fin configuration to obtain either a positive, zero, or
negative Magnus force on the projectile. The magnitude of the Magnus
force in this case can only be determined by finding the body inter-
ference from experiment.

Even though the body and fin Magnus forces oppose one another,
they do not have the gseme centera of pregssure;, As g ult a moment
couple, independent of the center of gravity, is created which is equal
to the lesser of the two forces multiplied by the distance between them,
figure 2. The total Magnus moment about the projectile center of
gravity will be the sum of the couple plus the moment due to the un-

balanced Magnus force.

Taw meedace da ccscad B Lhie chmecen 2 Jacae ~mAd & Aamde ooamnd o L% Pmnar
il OTUET VO VErily uae addve 1Geas &G VO Gelermulie Twie ooy

interference a fin configuration, figure 3, has been tested in a
supersonic wind tunnel. The configuration is one where the fin span

ig equal t0 the body mejor diameter. Also; the finsg have been end-
plated, for other mvestigations(n) show this increases the fin
effectiveness in longitudinal stability. Both a spike nose and a
conical nose have been included, for both noses are used on mass
produced configurations of this type.(lz) The noses produce radi-
cally different flows to their rear and it is expected that the fin
Magnus forces will in turn be different. The tests cover the Mach
number range 1.75 to 4.00, for this is the normal operating range
of these configurations.

It is also interesti

t te ng to note here that

wvhen a b

fins combination is considered, the configuration will .free spin at

10
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some rate w where the resultant rolling moment cn each fin is zero.

However, due to

ct

he 1lift force on various fin sections 1s not everywhere zero. Nega-
£ end ase spin) will exist on the

+ 1 «r,
vl HULLT S

ve ing to incre

orces (a force tending

inboard wing sections and positive forces will exist on the outboard
wing sections, figure 4. For zero rolling moment the positive and
npuni’-lvp moments must be equal such that frdL 0. If now this

AT DY SR =98 g - [=p e 8 Y

configuration is placed at a small angle of attack, each fin as it
rotates to the lee side of the body will lose portions of its inboard

lift distribution, thereby providing a means of producing a positive

Mognus force. A
fin begins to lose its outboard 1lift distribution so that the Magnus
force would then decrease toward zero. Through this mechanism it is

the angle of attack is increased further, the lee

/7]

possible to

finned missile

redict a nonlinear Magnus force on a free spinning

ko)
oA~y = 1101
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MODELS AND INSTRUMENTATION

The models have been designed along the same lines as those used
in references 1 and 2. The model or outside surface of each configu-

et whiah fa matindad
¢OT wWihlilih 15 mIoWiweld

on
on the outer races of precision ball bearings. The inner races of the

bearings are mounted on a stationary cylinder which in turn is mounted

A v\-\n Trmmdemananm anmd AP +ha Parim

. e
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2 yawing moments) and supporting strut. Spin rate indication is

obtained from an electrical signal generated in a stationary coil by
1

a mniring maonet fand moaonatis £iald) mourted in tha an o
mnov eQ Ln The splnning 'vu.v on
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of the model.

me 4 + ThaAd Woae LS
Two air motors hsd spinning the models. The first

is used only with the bare body contiguration and is the same as used

in references 1l and 2 except smaller. Its smaller size was necessi-

P

2
tated by the physical space inside the model and also by the choking
of the exhaust air as it. passed through the small exit area at the
tail of the model. This choking effect forced a reduction in the
nozzle throat area and the nozzle supply pressure, thereby reducing
the available power. Fortunately it 1s necessary to spin

only to 5000 rpm so that sufficient power is still available for the
bare body model. The finned models require more power than is avail-

able 50 we had to resort to & Jet of high pressure gir directed onto
the model fins. The air Jet 1s directed onto the fins to accelerate
the model and then retracted to a downstream position so that no ex-

read. With bpoth air motors data can be obtained culy during the

coasting period.

The readout equipment for the etrain gage signals has been
revised, from that used to obtain the tody data, so that automatic
data recording is now possible on all four channels. The spin rate

12



signal is changed from a variable frequency signal to a D,C..signal

s == véal Lo/ Ak 2 1

and placed on the abscissa of four x-y plotters. Each of the strain

gage bridge signals in turn are put on the ordinate axes of the x-y
plotters, thereby giving continuous recordings of the aerodynamic

ik eceed seie dlna e mdidan e amnae -
moments during the coasting pesricd of the model. The pitching moment

signals are fed directly to plotters; however, the yaw signals must
be filtered in order to eliminate oscillatory signals induced by

tunnel turbulence and model oscillations. The balénce is much weaker
in the yaw direction than in the pitch direction and the tunnel turbu-
lence causes some osclllations in the yaw direction. The splke nose

configurations (12) which produce an asercdynamic oscillation of their

¥ (VAT AV L (=23

own, excite balance oscillations to a 1érger degree than the cone nose
configurations.

In reading the moment data from the x-y plots it is necessary
to extrapolate from 500 rpm to zero. The electronic black box which

signal will not record properly

converts the spin signal to a D.C.

between 500 rpm and zero. Also, the variation of fin normal force
with the model roll angle makes it impossible to obtain an average
moment reeding at zero spin. The data between 4000 rpm and 500 rpm

SRS LD hh A i
sre linear so6 that a linear e

The extrapolation is not necessary on the bare body configura-

tions for there is no variation of ce with roll position.
Even though the spin signal still does not record properly below

the zero spin moment is accurate and the 500 rpm gap can be

s
W
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the same Mach number range and can be used alternately; however,
Tunnel No. 1 is usually preferred, for the flow uniformity is slightly
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1 increments using a nearly constant Reynolds number condition.
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ideas expressed in the introduction (Figs. 5, 6, 7, and 8). The
Magnus force on the fins acts in the opposite dlrection from that on
the body, and with the fin configuration tested the fin force is in

........... PPy O [ P ———

general larger than the body force. The moment couple exists, as is
evidenced by the rearward center of pressure location. The couple,

plus the moment due to the unbalanced fin force, places the effective
center of

regsure un to several cslihers behind the bhage of the model.

From these data we find that the Magnus moments on slowly spinning
finned configurations are as large as those existing on rapidly

spinning bodies of revolution.

The original plan in conducting the wind tunnel experiments was

to test several configurations so that possible ways and means of

- B

- o - T ¥ P e + 1A A
VH-’..Y.LLL& LIS Magliub 1V,

Orceé CoOwda o€ B
the first two configurations (the spike nose and the cone nose) show
that even though the data are sufficiently accurate to prove our

they are not gsufficlently accurate to show varia

.ions
uf 1tly accurate Lions

due to Reynolds number, Mach number, and configuration differences.
Estimates of the data accuracy have been made by comparing data at

positive and negative angles of attack. The data should be symmetric
mrmeela AP addanlre hevtrases

A v v 4na o
QVUULY LTIV GlUN1LT VL GU val.hn, dUWT VTL > Lt o

differences of the order of 25%.
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The reason for the inaccuracies is the inability to obtain the
desired sensitivity in the yawing moment gages. The gage sections
mist be designed to wilithstand the normsl
the Magnus force stresses, and since the Magnus force is less than
5% of the normal force, the normal force controls the gage section

resses 85 we &8

dimensions and hence the sensitivity. Also, the gage section di-
mensions determine the natural frequency of the strain beam and model
and it is necessary to keep the frequencies sufficiently high to pre-
vent resonance with the tunnel turbulence frequencies. With the
present system, enough of the turbulence enters the balance yaw
signals to require electronic filters before recording the signals

on the x-y plotters.

Another source of inaccuracy is the location of the two yawing
moment gages. These are located inside the model (2.75 and 4.25 cal
forward of the base) close to the body alone Magnus force center of
pressure. However, the finned body Magnus center of pressure is
located in general behind the model base, thereby reducing the
accuracy of the data reduction. This is being corrected by locating
a third yawing moment gage downstream of the fins. The sensitivity
of the yaw signal is also to be increased by using seml-conductor
gages rather than the wire gages. Temperature drifts, which are a
disadvantage of the semi-conductor gages, may not be bothersome for
only relative readings taken a few minutes apart are required. If
the semi-conductor gages are satisfactory the program will be continued

using the new gages.

15



CONCLUSIONS

Analysis of the flow over a slowly spinning finned proJjectile
1

confiourastion interfarasgs wi +tha 141f+ aree on tha rotating a
COLLIBW RVLVI LuvCliCios Wauld Vil asa v CLCT Vi il ITOVGV+ily ]
in such a manner that a side force resuits.
9. The side force on the fins of g configuration vhich is not
L= £ wid Lz Y = v ddd b S o A Lbl“ (= Lo Y W hdade \whd e b AdAS

in free spln is opposite in direction to the body Magnus force so
that the resulting side force can be in either direction or zero.
5. The side force on the fins of a configuration which is in

free spin will be in the same direction as the body Magnus force at
low angles of attack. At higher angles of attack the Magnus force

4, The body Magnus force
not have the same centers of pressure. Therefore a moment exists,
which is independent of the center of gravity, and is equal to the
lesser of the two forces multiplied by the distance between them.
This moment, plus the moment due to the unbalanced force, can move

the center of pressure outside of the projectile length,.

[ MTha cide Porcesg and moments on
}. e s oD e e W de W N S AAPs Ad b AT Nra

projectile can be as large as those existing on a rapidly spinning

nonfinned projectile.

ANDERS S. PLATOU
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accurscy and stabtility.

AD Acceasion Fo. UNCLASSTFTED
Ballistic Research Laboratories, APG
THE MAGNUS FORCE ON A FINNED BODY

Anders S. Platou

Finned stabilized
projectiles - Magnus
forces

Exterlor bellistics -
Theory

Wind ‘tunnel tests -
Finned projectiles

ERL Report. No. 1193 Merch 1963

RIT & & Project No. lAZ22901A201
UNCLASSIFIED Report

The effect of spin on the aerodynamic forces gemerated on a slowly spinning
finned projectile is analyzed. Ixperiments in the BRL wind tunnels, which
substantiate the analysis, are described and jresented. It is seen that the
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Magnus forces and moments are as large 8s those exlsting on a rapidly spinning
nonfinned proJjectile where these forces are known to have an influence on
accuracy and stability.

AD Accession Wo. UNCLASSTFIED
Ballistic Regearch laboratories, ARG
THE MAGNUS FORCE ON A FINMED BODY

|Anders S. Platou

Finned stabilized
mrojectiles - Magnus
forces

Extierior ballistics -
Theory

Wind tunnel tests -
Finned projectiles

]

iERL Report No. 1193 March 1963
'RDT & E Project No. 1A2Z22901A201
|UNCLASISIFIED Report

: The effect of spim on the aerodynamic forces generated on a slowly spinning

ifinned projectile ies analyzed. Experiments in the IRL wind tunnels, which

i substantiste the analysis, are described and presented. It is seen that the
Magnus forces and moments are as large as those existing on a rapidly s';pinnine;
nonfirned projectile where these forces are known to have an influence on

!accu.rescy and stabllity.

!




AD Accession No. UNCLASSIFIED
Ballistic Research Leboratories, AFG
THE MAGNUS FORCE ON A FINNED BODY

Anders S. Platou

Finned stabilized
projectiles - Magnus
forces

Exterior ballistics -
Theory

Wind tunnel tests -
Finned projectiles

ERL Report No. 1193 March 1963

RDT & E Project No. 1lA222901A201
URCLASSIFIED Report

The effect of spin on the eserodynamic forces generated on a slowly spinning
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The effect of spin on the aerodynamic forces generated on & slowly spinning
finned projectile is analyzed. Experiments in the BRL wind tunnels, which
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accuracy and stability.
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substa.ntia.te the analysis, are described and presented. It 1is seen that the
Maams forces and moments are as large as those existing on a rapidly spinning
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The effect of spin on the aerodynamic forces generated on a slowly spinning
finned projectile is analyzed. Experiments in the BRL wind tunnels, which
substantiate the analysis, are described and presented. It is seen that the
Magnus forces and moments are as large as those existing on a rapidly spinning
nonfinned projectile where these forces are known to have an influence on
accuracy and stability.
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The effect of spin on the aerodynamic forces generated on a slowly spinning
finned projectile is analyzed. Experiments in the BRL wind tunnels, which
substantiate the analysis, are described and presented. It is seen that the
Magnus forces and moments are as large as those existing on a rapidly spinning
nonfinned projectile where these forces are kmown tc have an influence on
accuracy and stability.
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The effect of spin on the merodynamic forces generated on a slowly spinning
finned projectile 1s analyzed. Experiments in the BRL wind tunnels, which
substantiate the analysis, are described and presented. It is seen that the
Magnus forces and moments are as large as those existing on a rapidly spinning
nonfinned proJjectile where these forces are lmown to have an influence on
accuracy and stability.
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